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(57) ABSTRACT

The mvention relates to fiber remnforcement for making an
clongate mechanical part (10) out of composite material hav-
ing a lug (14) at at least one end for receiving a pin for making
a p1vot connection with another part, the fiber reinforcement
being made from a central fiber structure (106; 106") for
forming a core that 1s obtained by three-dimensional weav-
ing, from a peripheral fiber structure (16; 16') that 1s to form
a belt surrounding the central structure so as to form at least
one empty cylindrical space 1n the lug of the part, and from at
least one annular fiber structure (112; 112'; 112") that 1s to
form a ring that 1s formed inside the empty space provided
between the central structure and the peripheral structure.

5> Claims, 4 Drawing Sheets
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FIBER REINFORCEMENT FOR MAKING AN
ELONGATE MECHANICAL PART OUT OF
COMPOSITE MATERIAL

BACKGROUND OF THE INVENTION

The present invention relates to the general field of making,
an elongate mechanical part out of composite material, such
a part having a lug at at least one of 1ts ends for recerving a pin
to provide a pivot connection with another part, and being
stressed 1n operation both 1n traction and 1n compression.

A nonlimiting example of an application of the mnvention
lies 1n making side-braces for landing gear.

A landing gear side-brace serves to take up lateral forces
exerted on the landing gear and to keep it deployed after
making contact with the ground. Typically, a side-brace com-
prises two arms that are hinged to each other and to other parts
of the landing gear via their ends, by pivot connections.

In operation, such a mechanical part 1s subjected to high
levels of mechanical force, mainly in compression and 1n
traction, which forces are oriented along the longitudinal axis
of the part (1.e. the axis passing through both ends of the part).
Such parts are generally made out of alloys of steel, alumi-
num, or titanium.

In order to reduce the weight of such mechanical parts,
proposals have been made to make them out of composite
material. However, making such parts out of composite mate-
rial raises various problems. In particular, given the limaita-
tions of composite materials concerning their ability to with-
stand hammering, the lugs of such parts are generally over-
dimensioned, giving rise to the metal parts constituting
interfaces with other parts of the landing gear also being
over-dimensioned. Furthermore, such parts made of compos-
ite material present poor impact strength and a high risk of
delamination, 1.e. of their fiber layers separating, as a result of
the repeated forces to which the part 1s subjected. Finally, the
costs of fabricating such parts are high.

In order to satisiy these requirements, document EP 1 736
6’74 proposes making such mechanical parts out of composite
material from a central fiber preform and a peripheral fiber
preform, which preforms are obtained by three-dimensional
weaving, the peripheral preform surrounding the central pre-
form 1n such a manner as to leave at least one empty space at
cach of the two ends of the part between the two preforms,
which spaces are for use 1n hinging with other parts. Metal
inserts are housed 1n those spaces. That mechanical part thus
presents an improvement in terms of hammering for traction
forces on the lug.

OBJECT AND SUMMARY OF THE INVENTION

The present invention seeks to propose a mechanical part
made of composite material serving firstly to obtain likewise
an improvement in terms of ability to withstand hammering
of the lug, both for compression forces and for traction forces,
and secondly to offset the material discontinuity away from a
highly-stressed zone.

In accordance with the invention, this object 1s achieved by
fiber reinforcement for making an elongate mechanical part
out of composite material having a lug at at least one end for
receiving a pin for making a pivot connection with another
part, the fiber reinforcement being made from a central fiber
structure for forming a core that i1s obtained by three-dimen-
sional weaving, from a peripheral fiber structure that 1s to
form a belt surrounding the central structure so as to form at
least one empty cylindrical space in the lug of the part, and
from at least one annular fiber structure that 1s to form a ring
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2

that 1s formed 1nside the empty space provided between the
central structure and the peripheral structure.

The fiber reinforcement of the invention 1s remarkable 1n
that the presence of a nng of composite material that 1s
received 1n the empty space arranged between the central
structure and the peripheral structure serves effectively to
counter failure as a result of hammering on the lug, in par-
ticular for compression forces and also for traction forces.
This leads to a saving 1n weight for the part, and makes 1t
possible to avoid over-dimensioning the interface parts, while
also making it easier to integrate the part since it 1s more
compact.

In an embodiment, the annular structure 1s integral with the
central structure.

In another embodiment, the annular structure 1s integral
with the peripheral structure. Under such circumstances, the
peripheral structure and the annular structure may be
obtained by three-dimensionally weaving a fiber blank as a
single piece with a main portion 1n the form of a strip that
extends 1n a direction corresponding to the longitudinal direc-
tion of the core to be fabricated, and two secondary portions,
cach connected to the main portion by a zone of non-inter-
linking 1n order to form two longitudinal tongues for folding
towards each other 1n order to form a ring.

The two tongues of the fiber blank may each present a
portion that 1s truncated 1n the longitudinal direction so as to

enable the tongues to overlap when they are folded towards
cach other.

Furthermore, the fiber blank of the peripheral structure and
of the annular structure may comprise a plurality of layers of
warp yarns extending 1n the length direction of the strip and of
the tongues and interlinked with one another by welt yarns.

In yet another embodiment, the annular structure forms a
structure that 1s distinct from the central structure and from
the peripheral structure. Under such circumstances, the annu-
lar structure may be obtained by three-dimensionally weav-
ing a fiber blank 1n the form of a strip that 1s for rolling up to
form a ring. Alternatively, the annular structure may be
obtained by braiding.

The mmvention also provides an elongate mechanical part
made of composite material including fiber remforcement.
The mechanical part may constitute a lever of a side-brace for
landing gear.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present inven-
tion appear from the following description made with refer-
ence to the accompanying drawings, which show implemen-
tations having no limiting character. In the figures:

FIG. 1 1s a diagrammatic perspective view of an example
landing gear side-brace;

FIG. 2 shows an example of a mechanical part 1n accor-
dance with the invention;

FIGS. 3A to 3C show different steps 1n obtaining the FIG.
2 mechanical part 1n an embodiment of the invention;

FIGS. 4A and 4B show different steps 1n obtaining the FIG.
2 mechanical part 1n another embodiment of the invention;
and

FIGS. 5A to 5C show different steps in obtaining the FIG.

2 mechanical part in yet another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The 1invention applies to making an elongate mechanical
part out of composite material having at least one lug at at
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least one end of the part for the purpose of receiving a pin 1n
order to make a pivot connection with another part.

A nonlimiting example application 1s that of making a
side-brace for landing gear of the kind shown in FIG. 1.
Typically, such a side-brace 2, which serves to take up lateral
torces exerted on the landing gear and to hold 1t in a deployed
confliguration, comprises a top lever 4a and a bottom lever 45,
cach 1n the form of an elongate mechanical part. These levers
da and 4b are hinged to each other and to other parts of the
landing gear via their respective ends, by means of hinge pins
represented by dashed lines i FIG. 1.

FIG. 2 shows an example of a mechanical part 10 suitable
for acting as a bottom lever or a top lever of a side-brace such
as that shown 1n FIG. 1.

The part 10 comprises an elongate body 12 that 1s termi-
nated at each longitudinal end by a pair of lugs or “clevis” 14
for recerving a pin for making a pivot connection with another
part. Each of these clevises 14 1s in the form of a U-shape in
which each branch constitutes a lug including an orifice for
passing a pin for the pivot connection.

Naturally, 1n other application examples that are not
shown, the part could have single lugs at each of its ends, or it
could have apair of lugs at one end and a single lug at the other
end, or indeed 1t could have a single lug or a pair of lugs at
only one of its ends, eftc.

This part 1s made entirely out of composite material from
fiber reinforcement that 1s densified by a matrix. The fiber
reinforcement 1s made from a plurality of fiber structures, in
particular it 1s made of carbon fibers, which structures are
described below.

Once put 1into shape and dried, these fiber structures are
placed 1n an 1njection mold. The matrix 1s deposited 1n a fiber
structure while holding the structure 1n the mold, at least until
the structure has stiffened (or consolidated). The nature of the
matrix 1s selected as a function of the intended application, for
example an organic matrix obtained in particular from a poly-
mer matrix precursor resin such as an epoxy resin, bismale-
imide resin, or a polyimide resin, or a carbon matrix, or a
ceramic matrix.

With an organic matrix, the fiber structures are impreg-
nated by a composition containing the matrix precursor resin,
before or after shaping 1n tooling, and when impregnation 1s
performed after shaping 1t may for example be performed by
infusion or by a process of the resin transter molding (RTM)
type.

When the matrix 1s made of carbon or of ceramic, densifi-
cation may be made by chemical vapor mfiltration (CVI) or
by impregnation with a liquid composition containing a car-
bon or ceramic precursor resin followed by heat treatment for
pyrolysis or for ceramization of the precursor, which methods
are themselves well-known.

In accordance with the invention, the fiber reinforcement
that 1s to form the part 10, after being densified by a matrix, 1s
made from a central fiber structure obtained by three-dimen-
sional weaving in order to form the core of the part, a periph-
eral fiber structure obtained by three-dimensional weaving 1n
order to form a belt for surrounding the core 1n such a manner
as to provide an empty cvlindrical space corresponding to
cach lug, and respective annular fiber structures for making
rings that are formed inside the empty spaces provided
between the core and the belt.

FIGS. 3A to 3C show various steps of obtaiming such fiber
reinforcement, 1n a first embodiment of the invention.

In this first embodiment, the peripheral fiber structure for
making the beltis obtained by three-dimensionally weaving a
fiber blank as shown in FIG. 3A. This fiber blank 1s 1n the form

of a strip 100 having a plurality of layers of warp yarns
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4

extending 1n the length direction of the strip and interlinked
by welt yarns (the warp and welt directions being shown in
FIG. 3A).

Openings 102 of oblong shape are made 1n the strip, being,
oriented 1n the length direction, and passing through the strip
in the thickness direction. By way of example, such openings
are made by cutting with a water jet. The resulting strip 100 1s
then looped as shown by arrows F (FIG. 3B) so as to join
together the free ends 104 and form aloop. These ends 104 are
then joined together, e.g. by stitching, by adhesive, or by any
other appropriate technique.

Once the strip 100 has been looped, the peripheral structure
16 shown 1n FIG. 3B 1s obtained with the openings 102
situated at opposite ends of the loop. Reference may be made
to document EP 1 736 674, which describes making such a
peripheral structure.

In a variant embodiment, not shown, the peripheral struc-
ture could be obtained by winding a plurality of turns of a
single fiber strip so as to form a loop like that shown in FIG.
3B.

The central fiber structure 106 for forming the core of the
part 1s obtained by three-dimensionally weaving the fiber
blank shown 1n FIG. 3C. This fiber blank 1n the form of a
single piece 1s 1n the form of a beam of constant section, e.g.
H-shaped (or of some other shape, e.g. O-shaped, or
S-shaped, etc.), with two longitudinal portions (or flanges)
108 connected together by a transverse portion (or web) 110.

At each of their ends, the two longitudinal portions 108 of
the central structure are terminated by respective annular
structures 112, each having an orifice 114. The annular struc-
tures are to form rings of composite material for passing a pin
ol a pivot connection. In this example, the annular structures
112 and the central structure 106 form a single fiber structure
that 1s obtained by three-dimensional weaving.

Once the peripheral fiber structure 16 and the central fiber
structure 106 have been made and shaped as described above,
they are engaged one within the other by positioning the
peripheral structure around the central structure. In particular,
in this position, the peripheral structure 16 co-operates with
the central structure 106 at their ends to form cylindrical
spaces that are occupied by the annular structures 112. The
structures are then assembled together by stitching, by adhe-
s1ve, or by any other appropriate technique.

This produces fiber reinforcement that becomes the part 10
shown 1n FIG. 2, after being densified with a matrix. In
particular, 1n the lugs 14, this fiber reinforcement has rings
(formed by the annular structures 112 of the central structure)
made of composite material, thus making 1t possible signifi-
cantly to counter failure 1n response to hammering forces on
the part.

FIGS. 4A and 4B show various steps of obtaining the same
fiber reinforcement, 1n a second embodiment of the invention.

This second embodiment differs from the above-described
embodiment 1n that the annular structures for forming the
rings in the cavities of the part are structures that are distinct
from the central structure and from the peripheral structure.

The central structure for forming the core of the part 1s
obtained by three-dimensionally weaving the fiber blank 106
shown 1n FIG. 4A. This fiber blank 1s similar to that shown 1n
FIG. 3B, 1n particular in that 1t 1s 1n the form of a beam of
constant section, ¢.g. H-shaped (or of some other shape, e.g.
O-shaped, or S-shaped, etc.), with two longitudinal portions
(or flanges) 108' connected together by a transverse portion
(or web) 110'. Unlike the first embodiment, at 1ts longitudinal
ends, this beam does not have annular structures that are to
form the rings. Reference may be made to document EP 1 736
674, which describes making such a central structure.
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The peripheral fiber structure 16 1s 1dentical to that shown
in FIG. 3A, 1.e. 1t 1s obtained by three-dimensionally weaving
a fiber blank 1n the form of a strip 1n which openings 102 are
formed and that 1s looped so as to form a loop (see FIG. 4B).

The annular structures 112' for forming the rings for pass-
ing a p1vot connection pin are shown 1n FI1G. 4B. Each of them
may be obtained by three-dimensionally weaving a fiber
blank 1n the form of a strip that 1s then looped to form a ring.

Under such circumstances, the fiber blank of each annular
structure 112' comprises a plurality of layers of warp yarns
extending in the length direction of the strip and interlinked
by welt varns. Once looped 1n the form of a ring, the warp
yarns thus extend in a circumierential direction, while the
welt yarns extend in the thickness direction of the ring.

Alternatively, the annular structures 112" may each be
obtained by braiding.

Once the peripheral structure 16, the central structure 106',
and the annular structures 112 have all been made and shaped
as described above, they are engaged within one another by
positioning the peripheral structure around the central struc-
ture. In particular, 1n this position, the peripheral structure 16
co-operates with the central structure 106' at their ends to
form cylindrical spaces 114 1n which the annular structures
112" are positioned. The structures are then assembled
together by stitching, by adhesive, or by any other appropriate
technique.

This produces fiber reinforcement that becomes the part 10
shown 1n FIG. 2, after being densified with a matrix.

FIGS. 5A to 5C show various steps of obtaining the same
fiber reinforcement, 1n a third embodiment of the invention.

In this third embodiment, the annular structures for form-
ing the rings 1n the lugs of the part form an integral portion of
the peripheral structure for making the core of the part.

More precisely, the peripheral fiber structure and the two
annular structures are obtained by three-dimensionally weav-
ing the fiber blank 200 as a single piece shown 1n Figure SA.

This fiber blank 200 comprises a main portion 1n the form
of a strip 202 that extends 1n a direction corresponding to the
longitudinal direction of the core to be fabricated. Openings
204 of oblong shape are made 1n the strip, being oriented 1n
the length direction, and passing through the strip in the
thickness direction.

Furthermore, 1n the portions of the strip 206 bordering each
opening 204, the fiber blank also has two secondary portions
208, each connected to the strip 202 by a zone 210 of non-
interlinking and forming longitudinal tongues.

This fiber blank 200 1s made as a single piece by three-
dimensional weaving a plurality of layers of warp yarns that
extend 1n the length direction of the strip 202 and that are
interlinked by welt yarns. The warp and welt directions are
shown 1n FIG. SA.

The strip 202 with the tongues 208 1s then looped as shown
by arrows F' so as to join together the free ends 212 and form
a loop. These ends 212 are then joined together and optionally
reinforced by stitching, by adhesive, or by any other appro-
priate technique.

During this operation, the tongues 208 of the fiber blank are
folded towards each other around a tool 300 suitable for
forming two annular structures 112" at each opeming 204
(FIG. 5B). In particular, the free ends of these tongues are
assembled together by stitching, by adhesive, or by any other
appropriate technique.

Once rolled up 1n the form of annular structures 112", the
warp varns of the tongues 208 thus extend 1n a circumierential
direction, while the welt yarns extend 1n the thickness direc-
tion of the rings.
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In the example shown 1n FIGS. 5A to 5C, each of the two
tongues 208 of the fiber blank presents a portion that 1s trun-
cated 1n the longitudinal direction so as to enable the tongues
to overlap in part when they are folded towards each other.
This overlap zone between the tongues 208 may be extended
by varying the regressivity of the slopes that 1s selected and
adapted to the constraints on dimensioning.

Naturally, it 1s possible for the free ends of the tongues of
the fiber blank of the peripheral portion not to overlap and
instead to meet edge to edge. Under such circumstances,
these free ends are also assembled together by any appropri-
ate technique.

After such shaping, the peripheral structure 16' as shown 1n
FIG. 5C 1s obtained with the openings 204 situated at opposite
ends of the loop and two rings formed by the tongues 208 1n
the portions of the strip 206 bordering each of the openings
204.

The central structure 106' that 1s to form the core of the part
1s 1dentical to the central structure shown 1n FIG. 4A, specifi-
cally 1t 1s obtained by three-dimensional weaving and 1t 1s 1n
the form of a beam of constant section, e.g. H-shaped (or of
some other shape, e.g. O-shaped, or S-shaped, etc.), with two
longitudinal portions (or flanges) 108' connected together by
a transverse portion (or web) 110"

Once the peripheral structure 16' and the central structure
106' have been made and shaped as described above, they are
engaged one within the other by positioming the peripheral
structure around the central structure. In particular, 1n this
position, the peripheral structure 16' co-operates with the
central structure 106' at their ends to form cylindrical spaces
in which the rings formed by the annular structures 112" of
the peripheral structure are positioned. The structures are then
assembled together by stitching, by adhesive, or by any other
appropriate technique.

This produces fiber reinforcement that becomes the part 10
shown 1n FIG. 2, after being densified with a matrix.

The mvention claimed 1s:

1. A fiber reinforcement for making an elongate mechani-
cal part out of composite material having at least one lug at
least one end of the part for a purpose of recetving a pin 1n
order to make a pivot connection with another part, the fiber
reinforcement comprising;

a central fiber structure to form a core that 1s obtained by

three-dimensional weaving;

a peripheral fiber structure to form a belt that surrounds the
central structure so as to arrange at least one empty
cylindrical space at the lug; and

at least one annular fiber structure to form a ring that 1s
formed 1nside the empty space arranged between the
central structure and the peripheral structure;

wherein the peripheral structure and the annular structure
form a single structure and are obtained by three-dimen-
sionally weaving a fiber blank as a single piece with:

a main portion in the form of a strip that extends 1n a
direction corresponding to a longitudinal direction of
the core to be fabricated; and

two secondary portions, each connected to the main
portion, and the two secondary portions including a
zone of non-interlinking 1n order to form two longi-
tudinal tongues that are foldable towards each other 1in
order to form the ring.

2. The fiber reinforcement according to claim 1, wherein
cach of the two tongues of the fiber blank presents a portion
that 1s truncated 1n the longitudinal direction so as to enable
the tongues to overlap when they are folded towards each
other.
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3. The fiber reinforcement according to claim 1, wherein
the fiber blank of the peripheral structure and of the annular
structure comprises a plurality of layers of warp yarns extend-
ing 1n a length direction of the strip and of the tongues and
interlinked with one another by welt yarns. 5

4. An elongate mechanical part made of composite material
comprising the fiber reinforcement according to claim 1 that
1s densified by a matrx.

5. The mechanical part according to claim 4, wherein the
mechanical part constitutes a lever of a side-brace for a land- 10
Ing gear.
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